Lipoprotein cholesterol determinations in 6328 individuals aged 20 to 79 years in the Framingham Heart Study Cohort and Offspring were related by multiple regression analysis to reported cigarette smoking, alcohol intake, and Quetelet Index (wf ht 2 ). Cigarette smoking was found to be strongly associated with "atherogenic" lipoprotein cholesterol profiles in young adults, and particularly in women. The associations for alcohol intake were mostly uniform across age groups and lipoprotein cholesterol fractions, while coefficients for Quetelet Index varied considerably. Blood chemistry associations were studied in participants under 50 years, after controlling for smoking, Quetelet Index, and alcohol intake. Significant associations for high density lipoprotein cholesterol (HDL-C) were seen for both sexes with alkaline phosphatase, serum calcium, serum uric acid, and leucocyte count. Low density lipoprotein cholesterol (LDL-C) associations were observed with calcium, hematocrit, lactate dehydrogenase, and leucocyte count in men and women, while very low density lipoprotein cholesterol (VLDL-C) associations occurred with alkaline phosphatase, glucose, uric acid, and leucocyte count in both sexes. A 1 mg/dl higher calcium corresponded to an HDL-C approximately 4 mg/dl greater and a LDL-C typically 6 mg/ dl greater after controlling for 12 other variables. A 1000/ml increase in leucocyte count was typically associated with a decrease in HDL-C by 1 mg/dl and an increase in LDL-C and VLDL-C of 1 mg/dl each. ed chemistry and hematology tests were performed for the younger one-half of the population. This additional information provided the basis to investigate potential relationships between individual lipoprotein cholesterols and these other factors.
R ecent research strongly suggests that lipoprotein metabolism is intimately linked to the atherosclerotic process. These findings prompted numerous investigators to study the biological concomitants of lipoprotein measurements. 1 " 3 Most of these reports have concentrated on only a few variables at a time and dealt with relatively small populations. In the Framingham Heart Study, lipoprotein cholesterols were determined in individuals aged 20 to 79 years during 1971 to 1974. An extensive medical history was taken and physical examination performed, which allowed us to examine the multivariate association of obesity, alcohol, cigarette smoking, and drug intake with lipoprotein cholesterol levels for men and women whose ages spanned six decades. Automat-
Methods
The population studied included 2217 men and women from the Framingham Heart Study Cohort which has been followed with biennial exams since 1949, and 4197 men and women from the Framingham Offspring Study at the time of their first examination from 1971 to 1975. The Cohort participants in this report include men and women aged 50 to 79 years old who were free from coronary heart disease at the time of the eleventh biennial examination. Women taking estrogen preparations were excluded from all analyses. The Offspring participants included men and women aged 20 to 49 years, subject to the same restrictions as the Cohort.
The data collection for both the Cohort and Offspring groups consisted of a full medical history, physical examination, and fasting lipoprotein cholesterol determinations using a modified Lipid Research Clinics (LRC) protocol. 4 Current cigarette smoking history and the usual intake of cans of beer, glasses of wine, and cocktails per week were included in the medical history. The weekly alcohol intake was calculated for each individual using the following equation: Alcohol intake (oz/wk) = (weekly number of 12 oz cans of beer x 0.444) + (weekly number of 4 oz glasses of wine x 0.400) + (weekly number of 1.5 oz liquor cocktails x 0.570). 5 The Quetelet Index was computed for each individual by dividing the subject's weight in kilograms by his or her height in meters raised to the second power.
A manual Abell-Kendall method was used to measure cholesterol, 6 and triglycerides were determined by the AAI modification of the Kessler-Lederer method. 7 High density lipoprotein cholesterol (HDL-C) was measured after precipitation of other lipoproteins with heparin-manganese. Low density lipoprotein cholesterol (LDL-C) was determined by subtracting HDL-C from the bottom fraction cholesterol, performed after reconstitution of the bottom fraction following preparative ultracentrifugation of EDTA plasma at serum density. The very low density lipoprotein cholesterol (VLDL-C) was calculated by subtracting the bottom fraction cholesterol from total cholesterol. 4 If the calculated VLDL-C value was negative, it was arbitrarily set at zero. Automated blood chemistries (SMA 12/60) and hematology tests using a Coulter Counter were performed on the Offspring group at the Framingham Union Hospital clinical chemistry laboratory.
Statistical methods included use of a standard multiple linear regression model using least squares estimation for Tables 3-12 . 8 A multivariate regression model derived from a backward selection procedure generated Tables 10-12. 8 Factors used in this analysis included current cigarette smoking (yes or no), Quetelet Index, alcohol intake per week, serum albumin, serum alkaline phosphatase, blood urea nitrogen (BUN), serum calcium, serum globulin, plasma glucose, lactate dehydrogenase (LDH), serum phosphorus, serum glutamic oxaloacetic transaminase (SGOT), serum uric acid, blood hemoglobin, and leucocyte count.
Results
The mean values and their standard deviations for the frequency of smoking, Quetelet Index, and alcohol intake are displayed in Table 1 for men and Table  2 for women. Among the men, each variable shows Table 2 shows that the smoking frequency for women paralleled that for the men, while the Quetelet Index increased gradually over the six decades examined. Reported alcohol intake for the women was less than one-half that of the men, with a maximum intake in the middle age groups.
The results of multiple regression analyses for each of the lipoprotein cholesterol fractions are shown in Tables 3 to 12. The gender-specific analyses are presented for each 10-year age group and for the total sample in Tables 3 to 8. The estimated multiple regression coefficients for HDL-C appear in Table 3 for men and Table 4 for women. From an inspection of the coefficients for the total male population, current smoking was associated with an HDL-C that was 3.2 mg/dl lower in nonsmokers. A significant inverse association was also found for the Quetelet Index in all groups. Overall, each unit increment in this index of adiposity was accompanied by a 0.8 mg/dl decrement in HDL-C. Alcohol exerted its effect in the opposite direction. Each additional ounce of alcohol consumed showed a concomitant 0.4 mg/dl increase in HDL-C. Analysis by 10-year age group conforms to the pattern discussed for the total population. The strength of associations indicated by the multiple regression coefficient estimates is seen among most of the age groups, with uniformity in the estimates the rule, despite the relatively small values of the multiple R-square values, which range from 0.08 to 0.16.
The results in Table 4 paralleled those for men, with few exceptions. The individual variables manifested their effect in the same direction as before, but the magnitude of the coefficients differed. The Quetelet Index coefficients were very similar in men and women, but appeared to be slightly larger for smoking, and approximately twice as large in women for alcohol. Women who smoke tended to have HDL-C levels 5.0 mg/dl less than their nonsmoking peers. For each ounce of alcohol consumed, the HDL-C for these women was 0.9 mg/dl greater. Table 5 and 6 present the regression results for LDL-C. The low values for the multiple R-squares, especially for individuals older than 40 years, demonstrates that prediction of LDL-C with this model is quite weak. For the total male and female popula- Table 3 tions, the Quetelet Index was positively associated with levels of LDL-C, but these associations were found only in the youngest male and female age groups. Smoking was positively associated with LDL-C in women younger than 60 years, and a suggestion of a negative relationship was present in the older groups. A similar pattern was seen for the men. Alcohol intake also showed a largely negative asso-ciation with LDL-C for women. This association was significant overall for women, but not for men. Although no statistically significant association was found, the data suggest an inverse relationship between alcohol intake and LDL-C for men as well. Tables 7 and 8 show the regressions for VLDL-C. The Quetelet Index was significantly associated with VLDL-C in the younger age groups. Smoking was also significantly related to VLDL-C among younger women, but among men the association was only significant for those 30 to 39 years old. The magnitude of the regression coefficient estimates for the men was always greater than that among women for the smoking and Quetelet Index variables in the overall VLDL-C analysis. There was only a slight positive association of alcohol intake with VLDL-C in men, and none for women. Table 9 lists the multiple regression coefficients for the number of cigarettes smoked per day from the model that regresses total cholesterol and its lipoprotein cholesterol fractions on alcohol intake, Quetelet Index, and cigarette number. In 20-to 49-year-old men and women, cigarette number and HDL-C were strongly associated in an independent fashion, as previously reported. 12 The number of cigarettes reported was also associated independently with the other lipoprotein cholesterol fractions. The associations were negative for HDL-C and positive for LDL-C, VLDL-C, and total cholesterol. These data from individuals under 50 years of age are evidence that smoking is accompanied by changes in lipoprotein cholesterols that are poten-tially atherogenic. As the smoking variable used in Table 9 is the actual number of cigarettes smoked, a dose-response effect is present. A different situation holds in those over 50 years of age. Only HDL-C was significantly associated with cigarette number and the other lipoprotein fractions showed no independent associations when alcohol intake and Quetelet Index were also in the model. Tables 10 to 12 display the multiple regression models for the lipoprotein cholesterols regressed on an additional set of independent variables. The results are shown for all the variables considered and separately for those variables that remain significant after a backward stepwise selection process was completed. From the latter analysis, calcium, uric acid, leucocyte count, alkaline phosphatase, smoking, alcohol, and Quetelet Index were significantly associated with HDL-C levels for both sexes (Table  10 ). In Table 11 , Quetelet Index, calcium, hematocrit, LDH, and leucocyte count were associated with LDL-C for both sexes. Slightly different results were obtained in Table 12 . VLDL-C was associated with alkaline phosphatase, glucose, uric acid, and leucocyte count in both sexes. Several other associations between the lipoprotein cholesterols and the clinical chemistry determinations also occurred for each sex separately.
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Table 9. Multiple Regression Coefficients for Number of Cigarettes In Regression Model Estimating Llpoproteln Cholesterol Fractions
Discussion
Earlier publications have explored the interrelationships of smoking, obesity, and alcohol intake with lipoprotein cholesterol measurements. The age range and large number of participants in this report allow assessment of effects not studied in previous investigations. The first two tables provide background information. Smoking frequency declines for each gender with each succeeding age group in our population. Men drink more than twice as much alcohol per week as the women for each age group, and alcohol intake peaks between 40 and 59 years of age in both men and women.
The data provided by the smoking frequencies, Quetelet levels, and mean alcohol intake are analyzed further in Tables 3-8. A close examination of  Tables 3 and 4 illustrate some of these findings. For instance, in the prediction of HDL-C for the total male and female population, the various coefficients differ for smoking and alcohol intake, but are almost the same for the Quetelet Index. These coefficients have direct clinical application. Male smokers have HDL-C levels 3.2 mg/dl less than nonsmoking men. A oneunit increase in the Quetelet Index approximates a 5 Ib increase in weight, and is associated with approximately a 0.8 mg/dl decrease in HDL-C. Similarly, a 1 oz/wk increase in alcohol consumption is associated with an HDL-C elevation of 0.4 mg/dl.
The age-specific regression analyses yield slightly different results. There are fewer participants in the older age groups, and prediction equations are less reliable. The smaller multiple R-square values indicate that the association of the independent variables with the lipoprotein cholesterols are not as strong. Some findings are very consistent, though. The relationship of the independent variables to HDL-C are consistent across age groups. Smoking and the Quetelet Index maintain an inverse association with HDL-C in all groups, while alcohol intake has the opposite effect.
Obesity is the only variable that shows consistently positive associations in the prediction of LDL-C and VLDL-C for this population. Previously reported results for the Offspring men and women under 50 emphasized the importance of obesity in young adults and its strong association with LDL-C and VLDL-C. 2 These results suggest that obesity is negatively associated with HDL-C both in the younger individuals and those over 50 years, and agrees with the LRC findings. 9 On the other hand, our data suggest that increasing age mitigates the associations of obesity with LDL-C and VLDL-C, and that obesity is less strongly associated with different levels of these lipoprotein cholesterol fractions in those over 50 years.
The relationship of these lipoprotein cholesterols to alcohol intake deserves special mention. As in the LRC study, highly significant associations of alcohol consumption and HDL-C were observed. 910 Evidence from the LRC suggests that LDL-C and VLDL-C are also positively related to alcohol intake in teenagers. 10 In our population we found moderate, but significant, negative associations between alcohol intake and LDL-C in young men and women, and generally insignificant associations with VLDL-C.
Cigarette smoking is accepted as an important risk factor for cardiovascular disease, but mechanisms to explain the association remain obscure. While certain evidence may favor an effect of short duration on cardiac function rather than more fundamental changes in the atherosclerotic process, the associations demonstrated in this report suggest that the composition of the lipoprotein cholesterol fractions is altered in young adult cigarette smokers. Various effects of smoking on lipids have been reported. They include an increase in total cholesterol, 11 a decrease or no effect in HDL-C, 12> 13 and an increase in LDL-C. 14 ' 15 In our results the positive coefficients for LDL-C and VLDL-C, and negative coefficients for HDL-C with smoking, are of interest. For HDL-C, multiple regression coefficients for smoking in this study are -3.2 for men and -5.0 for women. Corresponding values from the LRC investigations for men were -2.26 for light smokers (1 to 19 cigarettes per day), and -5.3 for heavy smokers (more than 19 cigarettes per day), while the LRC values for women were -4.5 for light smokers and -8.6 for heavy smokers.
Similar sorts of deductions can be made using the coefficients in Table 9 . For example, a man under 50 years of age who smokes 20 cigarettes a day would be predicted to have an HDL-C 2.2 mg/dl less and a LDL-C 3.2 mg/dl greater than a similar nonsmoker of the same sex. The magnitude of these changes is less than that reported by the LRC, but in the same direction. Furthermore, these analyses demonstrate differences in LDL-C and VLDL-C fractions in smokers over 50 years of age. Taken with previous stud-ies, these results suggest that current smoking may alter lipoprotein cholesterol metabolism; that there is a dose-response effect for the number of cigarettes smoked on HDL-C, LDL-C, and VLDL-C in adults under 50; and that cigarette number may have a greater impact on HDL-C in women than in men. 12 ' 16 The regressions in Tables 10 to 12 with the automated chemistry data complement similar reports of lipoprotein cholesterol levels. 17 Calcium is strikingly associated with higher HDL-C levels, while alkaline phosphatase, uric acid, and leucocyte counts exhibit negative associations. The association between calcium and cholesterol levels has been noted before. 13 These data include individuals whose calcium levels ranged from 7.6 to 11.2 mg/dl. When the same regression was run after stratification by low, middle, and high calcium levels, uniform associations of HDL-C with calcium were still observed. Elevated SGOT levels and low alkaline phosphatase levels have been linked to elevated HDL-C levels. 1718 In our data, SGOT is not significantly related to HDL-C values, while the association of alkaline phosphatase and HDL-C is negative, as in the LRC results. The pathophysiology underlying these associations remains obscure. Recent data suggest that chronicity and level of alcohol intake are related to HDL-C levels. 19 This sort of information and further data about muscle, liver, and bone metabolism may be needed to sort out these biochemical relationships to HDL-C.
Apart from the Quetelet Index, serum calcium, LDH, hematocrit, and leucocyte count are also significantly related to LDL-C in men and women. There is no obvious explanation why this set of variables has such an association. The role of other variables is enigmatic; i.e., that of albumin, where a 1 g/liter increase is associated with a 10 mg/dl lower LDL-C level in men, but no change in women.
For both men and women, the variables, alkaline phosphatase, glucose, uric acid, and leucocyte count, are independently associated with VLDL-C. Elevations of glucose and uric acid in one study, 20 and glucose, obesity, and prebeta lipoproteins in another 21 have been suggested as covariates that may herald glucose intolerance or diabetes mellitus.
The association of the lipoprotein cholesterols and the leucocyte count merits special comment. Greater leucocyte count has been reported as a risk factor for myocardial infarction in an earlier publication. 22 A follow-up investigation suggested that the effect was obtained only in smokers. 23 The data in Tables 10 to 12 further suggest that greater leucocyte counts are associated with a more atherogenic lipid profile: lower HDL-C and greater LDL-C and VLDL-C levels. These associations with the leucocyte count also exist when an analysis is performed on only nonsmokers.
Earlier research has hinted that disease states, medication use, and environmental variables may affect levels of lipoprotein cholesterols. This report has highlighted some of these features, emphasizing common environmental variables, but includes less commonly measured factors as well. From a different perspective, the analyses undertaken in this study freshen our thoughts about the potential effects on lipoprotein cholesterol measurements, and reactivates our interest in factors such as liver function, leucocyte count, and calcium levels which might have bearing on the atherosclerotic process.
